Introduction
The role of endogenous natriuretic peptides in protecting against sodium and volume overload is well recognized and this family of peptides is believed to have an range of other beneficial cardiac, vascular, and renal actions.
1,2 More recently, it has been suggested that natriuretic peptides also have favourable metabolic actions, including improvement of glucose tolerance and reduction in adipocyte growth.
1,2
Endogenous concentrations of natriuretic peptides can be increased through inhibition of the enzyme responsible for their degradation [i.e. neutral endopeptidase (NEP), also known as neprilysin]. 2, 3 There have been several attempts to determine whether inhibition of NEP is of benefit in patients with cardiovascular disease.
2,4 -6 Because NEP also degrades angiotensin II, NEP inhibition must be combined with an angiotensin converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB). 2, 3, 7 The former approach was tested with omapatrilat, but blockade of both NEP and ACE (and probably a third enzyme, aminopeptidase P) resulted in an unacceptable risk of angioedema because each of these enzymes is also involved in the breakdown of bradykinin. 3, 7, 8 The angiotensin receptor blocker-neprilysin inhibitor (ARNi) LCZ696 provides an alternative approach to simultaneously blocking the renin-angiotensin-aldosterone system (RAAS) and augmenting endogenous natriuretic peptides, without increasing bradykinin excessively. 3, 7, 9 The Prospective comparison of ARNi with ACEi to Determine Impact on Global Mortality and morbidity in Heart Failure trial (PARADIGM-HF) is testing the hypothesis that LCZ696 200 mg b.i.d is superior to enalapril 10 mg bid is reducing mortality and morbidity in patients with heart failure and reduced ejection fraction (HF-REF). 7 Enalapril was chosen as the comparator as the only ACE inhibitor shown to reduce mortality in a broad spectrum of patients with HF-REF in the treatment arm of the Studies Of Left Ventricular Dysfunction (SOLVD-T). 9 A 200 mg b.i.d. dose of LCZ696 was selected because it provides equivalent exposure as valsartan 160 mg b.i.d. (the target dose in heart failure and presumed similar RAAS blockade to enalapril 10 mg b.i.d.), as well as near-complete NEP inhibition. Here we describe the baseline characteristics and treatment of the more than 8400 patients randomized in PARADIGM-HF, comparing these with both SOLVD-T and more contemporary drug and device trials in HF-REF.
Methods
As described previously, PARADIGM-HF is a randomized, double-blind, parallel group, active-controlled, two-arm, event-driven trial comparing the long-term efficacy and safety of enalapril and LCZ696 in patients with chronic symptomatic HF-REF. 7 The key entry criteria are shown in Table 1 .
There are four phases in PARADIGM-HF, the rationale for which has been explained previously: (i) screening, (ii) single-blind enalapril run-in, (iii) single-blind LCZ696 run-in, and (iv) randomized, double-blind, treatment. 7 2 and no decrease in eGFR of >25% (later amended to >35%) from the screening visit; no symptomatic hypotension, no postural symptoms and systolic blood pressure (BP) ≥95 mmHg; no other adverse events precluding continuation in the trial, according to the investigator's judgement.
The primary objective of the trial is to evaluate the effect of LCZ696 200 mg b.i.d. compared with enalapril 10 mg b.i.d., in addition to conventional heart failure treatment, in delaying time to first occurrence of either cardiovascular (CV) death or hospitalization owing to heart failure. Both components of the composite will also be analysed separately, in accordance with regulatory guidance, and these additional analyses will be considered as part of the primary endpoint and not as secondary outcomes. The trial has 80% power to detect a 15% reduction in cardiovascular mortality once 1229 of these events accrue. Secondary objectives are to test whether LCZ696, compared with enalapril, is superior: (i) in improving the Kansas City Cardiomyopathy Questionnaire (KCCQ) clinical summary score for heart failure symptoms and physical limitations at 8 months; (ii) in delaying the time to all-cause mortality; (iii) in delaying time to new-onset atrial fibrillation; and (iv) in delaying decline in renal function. There are also a number of exploratory objectives. The statistical considerations related to PARADIGM-HF have been described in detail elsewhere. 7 Briefly, the sample size is based upon CV mortality with 1229 deaths required to give 80% power to detect a relative risk reduction of 15% in the LCZ696 group, compared with the enalapril group, although the trial will continue until at least 2410 patients have experienced CV death, or hospitalization owing to heart failure (meaning it should have >97% power to detect a relative risk reduction of 15% in this primary composite outcome). Hence, PARADIGM-HF was designed as both a mortality trial and a mortality/morbidity trial and the Data Monitoring Committee will only consider early termination at its pre-planned interim analyses if both the primary composite outcome and CV mortality are reduced, in accordance with the pre-specified boundaries.
The present report describes an analysis of the baseline characteristics of the 8442 patients randomized in PARADIGM-HF (this number includes 6 patients found to be incorrectly randomized who had violated the inclusion criteria and who were removed from the trial before receiving study-drug). As described above, the reference comparator in PARADIGM-HF is enalapril 10 mg b.i.d., which was chosen because of the seminal findings of the Treatment Arm of the Studies Of Left Ventricular Dysfunction (SOLVD-T). 9 For this reason we have compared the characteristics of patients in PARADIGM-HF with those in SOLVD-T. The baseline characteristics of the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity-Added (CHARM-Added) trial are also shown as this was used to estimate the rate of the primary outcome in PARADIGM-HF. 10 Furthermore, to better understand the patients enrolled in PARADIGM-HF in a more contemporary setting, we have compared the patients in PARADIGM-HF with those in a range of recent trials in HF-REF that have reported comparable data. 11 -25 Tables 2-5 . These tables also show the same findings from SOLVD-T and more recent trials in patients with HF-REF.
11 -25
Baseline characteristics
The average age of patients in PARADIGM-HF is 64 (SD 11) years, similar to SOLVD-T and the other more recent trials with the exception of EMPHASIS-HF (Eplerenone in Mild Patients Hospitalization And Survival study in Heart Failure) in which patients had a higher average age; however, eligible participants in EMPHASIS-HF had to be 55 years or older ( Table 2) . Consistent with previous trials, the vast majority (78%) of patients are men. Similarly, as in most trials, the majority of patients are in NYHA class II although this proportion (70%) in PARADIGM-HF was greater than in SOLVD-T (57%). The patients enrolled in PARADIGM-HF are more racially diverse than most previous trials with the exception of HEAAL (Heart failure Endpoint evaluation of Angiotensin II Antagonist Losartan). 11 Blood pressure is slightly lower in PARADIGM-HF than in SOLVD-T and LVEF slightly higher, although the entry LVEF threshold is higher in PARADIGM-HF (Tables 1 and 2 ). Heart rate in PARADIGM-HF is similar to most other studies except SHIFT (Systolic Heart Failure Treatment with the I f Inhibitor Ivabradine Trial, which mandated a heart rate of ≥70 bpm for inclusion) and SOLVD-T.
9,13

Medical and surgical history
More patients (71%) in PARADIGM-HF have a history of hypertension than in SOLVD-T (42%) although the proportion in PARADIGM-HF is consistent with most other contemporary trials. Conversely, the proportion of patients in PARADIGM-HF with an investigator-reported ischaemic aetiology is lower than in SOLVD-T (and other trials), and this is in keeping the smaller proportion in PARADIGM-HF with a history of myocardial infarction and previous coronary revascularization. The proportion of patients with a diagnosis of diabetes is higher in recent trials (at around one-third) compared with SOLVD-T (where about a quarter of patients had diabetes). The proportion with atrial fibrillation also seems higher although trials do not always distinguish between atrial fibrillation at the time of enrolment and history of atrial fibrillation.
Laboratory investigators
The proportion of patients with chronic kidney disease (estimated glomerular filtration rate <60 mL/min.1.73 m 2 ) is similar in PARADIGM-HF and SOLVD-T, as well as in EMPHASIS-HF. 
Baseline treatment
As expected, the biggest difference between PARADIGM-HF and SOLVD-T is in treatment with a beta-blocker (93 vs. 8%), although the use of this therapy in PARADIGM-HF reflects that in other contemporary trials. Use of mineralocorticoid receptor antagonists (MRAs) is also likely to be quite different, although impossible to quantify as MRA treatment was not recorded in SOLVD-T (as it was not known to be beneficial at the time of that trial). The rate of MRA use in PARADIGM-HF is, however, the joint highest in any trial. Anticoagulant use is also more common in PARADIGM-HF and other recent trials. Conversely, digoxin use is much less in PARADIGM-HF (and other contemporary trials) than in SOLVD-T.
Device use in PARADIGM-HF is greater than in any other recent pharmacological treatment trial but still low.
Signs and symptoms at baseline
With the exception of a third heart sound, the clinical findings described in PARADIGM-HF are broadly consistent with SOLVD-T and in the more recent trials that reported these ( Table 3) . Notably, in these trials up to one in five patients had peripheral oedema and around one in 10 had an elevated jugular venous pressure.
N-terminal pro B-type natriuretic peptide
Relatively few trials have reported NT-proBNP levels. Those that have are summarized in Table 4 . The two trials with the highest levels [CARE-HF (Cardiac Resynchronization in Heart Failure), 1814 pg/mL, and COPERNICUS (Carvedilol Prospective Randomized Cumulative Survival Trial), 1767 pg/mL] by design enrolled more severely symptomatic patients with a particularly low LVEF.
15,20 Despite this, the median level in PARADIGM-HF (1608 pg/mL) is only slightly less than in these two trials and higher (or much higher) than in the other trials shown.
Health-related quality of life
Pharmacological therapy and device trials reporting KCCQ Overall Summary Score (OSS) are shown in Table 5 (where a lower score reflects worse quality of life). The OSS in PARADIGM-HF is similar to that in GISSI-HF and MADIT-CRT but higher (better) than in several other recent trials.
23,25
Discussion
The PARADIGM-HF trial is the largest, most contemporary and most geographically diverse mortality-morbidity trial in patients with HF-REF. It is testing the hypothesis that the ARNi LCZ696 is superior to enalapril 10 mg twice daily, the ACE inhibitor and dose shown to reduce mortality and hospitalization for heart failure in SOLVD-T.
Despite the 23 year gap between the start of recruitment to SOLVD-T and the start of PARADIGM-HF, the baseline demographics of patients in both trials are remarkably similar with the exception of race because of the much wider geographical reach of PARADIGM-HF. 7, 10 However, NYHA class distribution was somewhat more favourable, and mean LVEF higher in PARADIGM-HF than in SOLVD-T, possibly reflecting greater treatment with disease-modifying drugs (and devices) in the former. The lower heart rate and systolic blood pressure in PARADIGM-HF probably also result from this. In particular, the higher heart rate in SOLVD-T presumably reflects the conduct of the trial before the value of beta-blockers in heart failure was recognized (see below).
The proportion of patients with diabetes is higher in contemporary trials, including PARADIGM-HF, compared with SOLVD-T and this may in part reflect newer and lower diagnostic thresholds for diabetes since the start of enrolment in SOLVD-T. 26 Patients in contemporary trials may also be more obese than in the past but this hypothesis could not be tested as body mass index was not recorded in SOLVD-T.
A more puzzling difference is in the lower proportion of patients with coronary heart disease in PARADIGM-HF. Whether this reflects greater diagnostic accuracy in more contemporary practice, the different racial and geographical mix of patients in the two trials or some other factor is uncertain.
As MRAs, oral anticoagulants (and presumably statins, which were not available during SOLVD-T), in keeping with the accrual of new evidence of treatment effectiveness and evolution of guidelines to reflect this. 27, 28 Even among contemporary trials, the patients in PARADIGM-HF are particularly well treated, with the highest rate of use of beta-blockers (93%) and the joint highest rate (60%) of MRA use along with SHIFT (60%), even though SHIFT had a higher proportion of NYHA class III/IV patients (52%) than PARADIGM-HF (25%). Consequently, PARADIGM-HF will test the value of LCZ696 in addition to the best pharmacological standard of care. The lower use of digoxin in PARADIGM-HF, compared with SOLVD-T presumably reflects changed perceptions of the value of this agent and newer alternative therapies of proven effectiveness. 29 Despite strong evidence of effectiveness, device use remains low in contemporary trials, especially those with a large proportion of patients enrolled in regions other than North America and Western Europe, where there is greater uptake of cardiac resynchronization therapy (CRT) and, in particular, implantable cardioverter defibrillators (ICDs). 13, 14, 17, 27, 28 In this respect, patients in PARADIGM-HF had similar rates of device use as those in EMPHASIS-HF and more than in SHIFT.
13,14
Although the majority of patients in PARADIGM-HF were in NYHA functional class II or III at the time of randomization, the median NT-proBNP concentration was almost as high as in the CARE-HF and COPERNICUS trials, which enrolled patients with more severe functional limitation and a very low LVEF. 15, 20 This probably reflects two factors. First, in PARADIGM-HF, patients without a history of hospitalization owing to heart failure within 12 months were required to have either a BNP ≥150 pg/mL or NT-proBNP of ≥600 pg/mL in order to be enrolled. 7 Second, the proportion of patients with atrial fibrillation or flutter at baseline was higher in PARADIGM-HF than in any other trial in which NT-proBNP was measured ( median NT-proBNP level in PARADIGM-HF will help ensure that the expected rates for CV mortality and hospitalization owing to heart failure will be obtained. 7 In addition to the primary endpoints of CV death and hospital admission for treatment of worsening heart failure, the first secondary endpoint in PARADIGM-HF is health-related quality of life (HRQL), as assessed by the KCCQ. 30 The HRQL in patients with heart failure is associated with many factors, including NYHA class (patients with worse functional class tend to have worse HRQL), age (younger patients on average report worse HRQL than older ones), sex (women report worse HRQL than men), and comorbidity. 31 Differences among trials in these factors may explain why, for example, RED-HF (Reduction of Events With Darbepoetin Alfa in Heart Failure Trial, which had a high proportion of women and in which all patients had anaemia) reported the worst HRQL, and why patients in both SHIFT (high proportion of patients in NYHA class III and IV) and HF-ACTION (Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training; youngest average age) had generally worse HRQL than those in other contemporary trials, including PARADIGM-HF. 7, 15, 22, 24 Patients in PARADIGM-HF had a KCCQ OSS similar to that of patients in GISSI-HF (Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico-heart failure) and MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial With Cardiac Resynchronization Therapy), probably reflecting the larger proportion of patients in NYHA class I or II in these trials, as well as age and gender distribution. 23, 25 As with all analyses of this type, there are limitations, the principal one of which is that the explanations for many of the differences observed are speculative and cannot be proven. However, this report does provide a quarter-century perspective on the evolution of trials in HF-REF and, in particular changes in therapy over time.
In summary, our findings show that while the basic demo- PARADIGM-HF differ little from those in SOLVD-T, the potential benefit of LCZ696 over enalapril is being tested in addition to two additional disease-modifying drugs in the majority of patients in PARADIGM-HF. Despite these treatments, patients in PARADIGM-HF have persisting symptoms and signs, reduced HRQL, a chronically low LVEF and elevated levels of B-type natriuretic peptides. PARADIGM-HF will test whether further augmentation of the endogenous protective natriuretic peptide and other vasoactive systems will reduce morbidity and mortality in HF-REF.
